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INTRODUCTION 

For the AGS Booster Projlect, two RF acceleration stations are needed for 

the proton. For each station,, a four half-wave coaxial line with monogap 

filled with ferrites to allow for permeability tuning, has been adopted for 

the RF cavities. It has been (chosen to operate at a peak voltage of 22.5KV, 

in each half-wave cavity, for accelerating proton, and a tunable frequency 

range of 2.4-4.1MHz is required. Presented here are some results and design 

features, for this cavity, calculated by using a "SUPERFISH program devel- 

oped by Los Alamos National Laboratory (LANL). 

FERRITE TYPE 

The choice of ferrite for such purpose depends fundamentally upon the 

power losses and heat dissipation allowed. The losses increase very rapidly 

with the magnetic flux density and working frequency. A commercially avail- 

able candidate for lower loss ferrite meeting the requirements of the 

Booster cavity is the Philips type 4M2. It has been used in the CERN PS 

Booster and Rutherford SNS accelerators. A test cavity based on a ferrite- 

loaded resonator, consisting of 

2.5cm thickness, has been built 

The power losses are measured 

ferrite toroids with 50cm O.D., 25cm I.D. and 

for the measurements on RF characteristics. 

as a function of magnet flux over whole fre- 
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quency range. The curves of \Q product is obtained for comparison with that 

provided by the Philips company (Figure 1). According to data measured, the 

number of ferrite rings in e,ach half-wave ca,vity is evaluated to be at least 

30 to satisfactorily run at hi,ghest frequency of 4.1 MHz, the peak voltage of 

22.5KV and within the limit of power losses of 0.30W/cm3. In this calcula- 

tion, we assumed no cooling. In the actual design, there are cooling pro- 

vided for the ferrite; therefo:re, fewer ferrite ring is possible. Main dimen- 

sions of this cavity are shown in Figure 2. 

CALCULATION METHOD 

In the past, simple formulas were utilized for the design of cavity with 

ferrites. Recently, a series of programs, named “SUPERFISH”, have been devel- 

oped for this purpose. It is a special program that can solve the MAXWELL’s 

equation in two-dimension, by calculating properties of cavity resonator ex- 

hibiting an axial circular symmetry and the cut-off modes of uniform straight 

waveguides. 

E3ecause the oscillating frequency of ca.vity with ferrites is lower than 

the bare program produces, certain modification should be done when this pro- 

gram is used for the Booster cavity. Some special regions can be reset for 

program changes when used and a variety of new constants such as the perme- 

abilities, permittivities and required accelerating voltage were put into the 

program for satisfying the needs of design. 

The output file of the program contains a list of the parameters used 

for solution, a list of material properties for each region, and an iteration 

history. Many formulas were used in the program to calculate auxiliary prop- 

erties such as average accelerating field, stored energy, power losses, etc. 
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Again, all these calculations do not contain the power losses on the ferrites 

and beam loading effect. Therefore, extra losses should be taken into 

account. 

In order to eliminate the random error caused in the measurements, a 

sixth order polynomial obtained by fitting the measured data was used in the 

calculation. 

For comparison, five parameter tables calculated with different numbers 

of ferrite rings in a half-wave cavity are listed in the end of this report. 

SOME RESULTS 

(1) From the calculation, if the power losses of ferrite is limited 

to below 0.30WIcm3, at least 30 rings are needed in a half-wave 

cavity. Fewer rings are possible if cooling is provided. 

(2) When the dielectric constant of the ferrite is swept from 1 to 30 

gradually, a small variation of the frequency develops, which is 

less than 2%. 

(3) The cooling plate existing around the ferrites do not affect the 

main parameters except the tolerable heat dissipation. (Figure 3.) 

(4) The electric field distribution is influenced by the shape of the 

accelerating electrodes, obviously within the region nearby the 
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electrode edge. To avoid the vol_tage breakdown the smooth arsc 

shapes in these edge,s are preferred (Figure 4). 

(5) The capacitance of the gap capacitor can be selected betwee.n 

400-1000 (pf) for different requirements. The amount of capaci- 

tance does not affe’ct the shunt impedance but the quality factor o.f 

itance gives larger the cav 

quality 

ity is certainly modified. L,arger capac 

factor. 

(6) On the basis of data provided by the Philips Company, the maximum 

biasing current is about 2500A, if the biasing coil has one turn. 

(7) The possible uncertainties of the calculation are mainly from the 

data provided by the measurement and the Philips Co. The results 

obtained should be reliable for the prototype design. 
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Fig. 2 Main dimension of a quarter of cavity 

COOflNG PLATE 

Coolltf'c1 PLATE, 

Fig. 3 Position of the cooling plate in ferrites 
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Fig.4 Electric field distribution with different shapes 
of accelerating elect rode 
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APPENDIX: FORMULAS FOR CALCULATION OF BOOSTER CAVITY 
IN CYLINDRICAL COORDINATES 

1. AVERAGE ACCELERATING FIELD (From 'SUPERFISH' program) 

strength in z axis 
L---Length of cavity in half-wave 

2. STORED ENERGY (From 'SF' program) 

g --Dielectric constant 
He--Component of the magnetic field 

3. POWER LOSSES 

Pw,Ps--Power loss on walls and stems,which are given by 'SF' 
program 

Pf= VoP*FQ (f,&J --p ower losses on ferrites 

Vol--Volume of whole ferrites 
Bm --Maximum megnet flux density in ferrite 
F --Oscillating frequency given by 'SF' 
Pb=Ib*Eo --Power loss of average beam current 

4. SHUNT IMPEDANCE 

5. QUAILTY FACTOR 

13 


